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Background: Simulation is widely accepted as an important tool in training and educating healthcare 
providers. The first regional polish extracorporeal membrane oxygenation (ECMO) program called “ECMO 
for Greater Poland” was recently started.
Methods: We present a prototype for ECMO prepared for high-fidelity medical simulation in 
extracorporeal life support. ECMO therapy is a complex, difficult and expensive therapy in patient care. 
We have constructed an advanced ECMO simulation prototype, which can be used as a training tool in 
scenarios that prepare for real-life experiences. The “ECMO for Greater Poland” program uses high-fidelity 
simulation as a superior tool to simulate several complex clinical scenarios, and consequently train healthcare 
providers in rare, complicated and expensive procedures. The training course is standardized and allows 
repeatable training, improvement of skills, and an objective verification of trained skills.
Results: The ECMO simulation prototype is designed to replicate the physiological circulatory system 
and simulate several scenarios (i.e., bleeding, low pressure, occlusion, reaction for proper and incorrect 
pharmacological treatment). The electronic core control unit (CCU) with silicone tubes, artificial vessels 
(modified polyethylene) and analog components can be connected to an ECMO machine to emulate the 
human body during an ECMO simulation. If necessary, damaged and used parts can easily be replaced. The 
total cost of the simulator is approximately 450 and 50 USD for disposable parts.
Conclusions: This newly developed advanced ECMO simulation prototype was recently introduced into 
education and regularly training of healthcare providers of the “ECMO for Greater Poland” program. The 
simulation based training program is financially affordable and enables clinical teaching in a wider range 
of clinical scenarios. The ECMO simulation prototype consequently improves level of expertise of the 
healthcare providers and finally improves quality in patient care.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a 
complex and expensive complication-burdened life support 
modality in order to treat patients with respiratory and/
or circulatory failure. A group of ECMO enthusiasts 
recently launched the first polish ECMO program called 
“ECMO for Greater Poland”. The program’s objective is 
to take full advantage of the indications for extracorporeal 
life support for the 3.5 million inhabitants of the Greater 
Poland region (1,2).

Simulation-based teaching and regularly training of 
healthcare providers is fundamental (3-5). High-fidelity 
simulation is used to simulate and train rare procedures and 
emergency situations and finally to familiarize healthcare 
providers with ECMO specific treatments and strategies (6).  
Different ECMO simulators have been used in the 
past, ranging from simple mannequin modifications to 
high-fidelity simulators (7-9). Commercially available 
ECMO simulators are mostly limited by the high costs, 
experimental status, and the impossibility to adapt the 
simulator to local special circumstances. Therefore, we 
aimed to develop an advanced ECMO simulator prototype, 
which can be incorporated in any commercially available 
full-body patient simulator.

Methods

The prototype is equipped with an electronic core control 
unit (CCU) (Figure 1), a set of synthetic valves, pressure 
sensors, and hydraulic pumps. The functions of the CCU is 
to stabilize the hydraulic system (flow of simulated blood, 
differential pressures in the arterial and venous lines), and 
providing real-time information’s about the system to the 
provider via an audiovisual display. Consequently, the 
system is able to detect any clinical relevant physiological 
change or clinical deterioration and initiates adequate 
changes in clinical parameters including (i.e., bleeding, low 
blood pressure, occlusion, reaction for proper and incorrect 
pharmacological therapy).

Silicone tubes and artificial vessels (modified polyethylene) 
can be realistically cannulated using ultrasound. The tubes 
can be connected to an ECMO machine to emulate the 
human body during an ECMO run.

The CCU along with the silicone tubes, artificial vessels 
and electronic components can be integrated into any 
commercially available mannequin (Figures 1 and 2). The 
CCU hardware element includes both, digital and analog 

components that are controlled by a computer-based 
software connected to the CCU via a serial port (RS232). 
The software deliberately analyzes the measurements 
obtained from the electronic controllers modulating the 
sensors, control pumps and valves and visualizes the data 
for the provider. The electronic controllers influence the 
ECMO simulated blood circuit, and hence can be used as a 
tool to recreate various clinical scenarios.

The total cost of the first simulator prototype (CSM 
rev. 1.0) is approximately 450 USD and additionally about 
50 USD for disposable parts. The hardware components 
consist of a PCB (printed circuit board) and a selection of 
essential electronic components. The software component 
was created on the basis of a code that supports high-fidelity 
simulation. The final element is the framework supporting 
the testing and validation of the ECMO simulator (Figure 3).

Results

ECMO team training “in situ” simulation scenarios have 
been created and preliminarily examined by specialists 
(Table 1). The simulation training center was adapted as 
an intensive care unit. The CardioHelp (Maquet, Getinge, 
Rastatt, Germany) circuit was connected to SimMan 3G 
manikin (Laerdal, Stavanger, Norway) via simulated veno-
venous cannulation. The patient simulator was intubated 
and connected to a respirator (Maquet, Getinge, Rastatt, 
Germany); and via controller to vital monitor (Laerdal).

During the first four months (Sep–Dec 2016) of our 
Program, the following high-fidelity medical simulation 
scenarios using the ECMO simulation prototype have been 
generated so far:
 “ECMO for DCD” which includes: prehospital 

identification, cardiopulmonary resuscitation (CPR) 
according to advanced life support (ALS), perfusion 
therapy (CPR-ECMO or DCD-ECMO), inclusion 
and exclusion criteria for organ donor program, 
automated chest compression (ACC), transport, 
DCD confirmation, donor authorization, veno-
arterial (VA) cannulation of a mannequin’s artificial 
vessels and initiating organ perfusion on-site.

 “ECMO for intoxication” which includes: hospital 
identification (Department of Toxicology), poisoning 
treatment, CPR according to ALS, ACC, veno-
arterial cannulation for the implementation of ECMO 
therapy and transport to hospital (Department of 
Cardiac Surgery).

 “ECMO for RRF” (reversible respiratory failure) 
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Figure 1 CCU prototype (rev. 2.0) w/o equipment. CCU, core 
control unit.

Figure 2 Loop prototype (rev. 1.0) implanted in the mannequin’s 
groin.

Mannequin equipped with Arterial-Vein loop 
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Figure 3 Prototype of the ECMO simulator architecture. ECMO, extracorporeal membrane oxygenation.
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which includes: hospital identification (Regional 
Department of Intensive Care): inclusion and 
exclusion criteria, ECMO team transport (80 km), 
therapy confirmation, veno-venous cannulation for 
the initiation of perfusion therapy, return transport 
(80 km) with ECMO to another hospital in a 
provincial city (Clinical Department of Intensive 
Care), where the veno-venous ECMO therapy was 
continued for the next 48 hours.

 “ECMO for hypothermia” which includes: prehospital 
identification, CPR ALS with ACC, specialist road 
transport on ACC; the veno-arterial (VA) cannulation 
and perfusion for hypothermia treatment.

The primary objectives of the scenarios include:
 Ability to diagnose and treat medical problems 

during ECMO treatment using clinical signs, echo or 

ultrasound examinations, gasometry and other necessary 
laboratory blood interpretations.
 Ability to effectively communicate with other 

members of the ECMO team.
 Adequately describe and interpret changes in clinical 

parameters and changes in vital signs of the patient 
on ECMO.

 And finally, to realize any clinical deterioration and 
initiate adequate treatment in order to improve 
patient outcome.

Our simulation team is interdisciplinary and consists of 
physicians experienced in VV and VA ECMO therapies, 
ultrasound imaging as well as percutaneous and surgical 
vascular access and experienced perfusionists. The team 
of these people composed real ECMO team and mobile 
ECMO team. It is supplemented by paramedics and 

Table 1 “In situ” 17 simulation scenarios for educational purposes

No. Scenario Education objectives

1 Accidental cable outage Ability to recognize the outage and/or damage of the cable connecting the driver to 
the ECMO console

2 Accidental hypothermia Ability to diagnose hypothermia symptoms during V-V ECMO treatment

3 Circuit aeration Ability to diagnose ECMO circuit aeration

4 Accidental circuit disconnection Ability to emergency diagnose ECMO circuit disconnection

5 System clotting Ability to recognize symptoms of clot formation in the circuit

6 Bleeding Ability to diagnose emergency bleeding

7 Line obstruction Ability to recognize symptoms of venous line obstruction

8 Accidental detachment of cannula Ability to emergently diagnose accidental cannula detachment

9 No power supply-manual power supply Ability to recognize the lack of power supply and change to manual power supply

10 Planned decannulation and system 
recirculation

Ability to prepare for planned decannulation with system recirculation

11 SIG alarm Ability to recognize the “SIG” alarm with appropriate intervention

12 Emergency ECMO cannulation Ability for fast arteriovenous artery cannulation of a patient with peripheral femoral 
access-during resuscitation using a device for chest compressions

13 Hemofiltration connection Ability to connect the hemofiltration system via drains to the ECMO system

14 Nurse care protocol Protocol for safe manipulation of the patient to provide care i.e., wash the patient, 
blood probe collection, tracheal suction

15 Rehabilitation protocol Protocol for safe rehabilitation of ECMO patient i.e., prone position, passive exercises 
with patient under sedation, active exercises with conscious patient with ECMO

16 Intra-hospital transportation Protocol for safe patient “on ECMO” transportation; equipment, staff, logistic

17 Interhospital transportation Protocol for safe patient “on ECMO” transportation; road and air transportation 
protocol; equipment, staff, logistic

ECMO, extracorporeal membrane oxygenation.
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specialists educators in medical simulation and an engineer 
responsible for the development process of the prototype.

The patient simulator was programmed with scenarios 
mimicking typical clinical situations (hypothermia, 
hypovolemia, oxygenator failure, etc.) that require prompt 
interventions of all trainees. The interdisciplinary workshop 
supervised by two staff nurses and two physicians included 
16 hours in 2 days and were preceded by a mandatory 
e-learning course with the pre-test. The participants were 
naive to ECMO technology. The course was evaluated by 
an anonymous survey filled by all participants.

The preliminary workshops were evaluated extremely 
enthusiastic. All responders supported the concept of an 
on-line pre-test as prerequisite of entering the workshop. 
All the participants declared that this course would help in 
introducing ECMO therapy in the ICU. Moreover, they 
appreciated particularly the hands-on experience during 
that workshops, high-fidelity clinical scenarios as well as 
cannulation training. In the final survey “in situ” simulations 
were particularly highly rated. These simulations confined 
48 hours of extended “ECMO for RRF” course which 
became a kind of training platform in Intensive Care 
Department.

Discussion

ECMO therapy requires a multidisciplinary team with 
varying clinical competences in three key areas: quality 
assurance, technical knowledge and behavioral skills. 
The most common and well-accepted educational tool 
is simulation based training, which provides education 
and training in both, clinical and non-clinical skills  
(10-12). Since 2006 (13), multiple variants of simulation 
have been used to enhance ECMO education including 
simple task trainers, virtual patients, standardized 
patients, human patient simulators, and a hybrid of 
these models. High-fidelity ECMO simulation has been 
successfully implemented in many clinical centers with 
noticeable impact on required competency in ECMO 
care. In principle, the advanced high-fidelity simulator 
allows unlimited possibilities in creating different clinical 
scenarios, especially implementation, conducting perfusion 
and patient transport using ECMO (14,15). The technical 
aspects of routine and emergent care can be rehearsed 
and mastered, but simulation as an educational tool is still 
invaluable. An important advantage of regular simulation 
training might be time sparing effect. However, Anderson 
et al. (10) previously reported that simulation based ECMO 

training did not show any time benefit. This might be 
controversial, but all participants were well experienced 
ECMO specialists, and consequently time-sparing benefit 
might be limited. In the setting of a newly introduced 
ECMO program like the “ECMO for greater Poland”, 
individual knowledge and experience by the various 
healthcare providers is limited. Therefore, time saving 
effect might most probably be assumed.

Zakhary et al. (16) prepared the first randomized 
controlled trial evaluating the utility of simulation in ECMO 
training. The authors reported that simulation-based ECMO 
training is more effective than traditional water-drill based 
training. In addition, simulation-based ECMO training 
improved technical, cognitive and behavioral skills compared 
to traditional class-room based teaching.

The Maastricht category II (donors after unsuccessful 
resuscitation) DCD procedures were already activated 
several times, resulting in two successful double kidney 
transplantations, for the first time in Poland (17-19). 
Additionally, we were able to successfully treat two 
hypothermic patients for the first time in the region, and 
initiated treatment using ECMO for reversible respiratory 
failure in several patients. We were also able to successfully 
perform an extensive (about 120 km lasting) road based 
transport with ECMO to a reference University Hospital 
where the patient was admitted to the Department of 
Intensive care and implemented specialist nurse and 
rehabilitation protocols. All critical scenarios were 
preliminarily tested by specialist ECMO teams and the 
teaching programs were introduced to several centers in the 
city of Poznan.

The general benefits of ECMO simulation training 
are: development of clinical skills and personal experience 
(without direct impact on patients); practice unusual or 
rare clinical scenarios; and allows to assess individual skills 
and experience (20). The economic result of simulation-
based training is optimized by improving theoretical and 
practical skills which can foster critical thinking in bedside 
management of these medically complex patients. However, 
publications are lacking whether the use of simulators 
are associated with better clinical outcomes. Randomized 
clinical trials are needed in this field to define the priority of 
simulation-based ECMO training and its impact in clinical 
outcomes in ECMO centers (17).

Perfusion therapy and ECMO programs are currently 
not commonly used in the polish healthcare system. Our 
goal is to intensively train healthcare providers from all over 
the nation, which might be impossible without using high-
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fidelity simulation. Long-term effect will be improving 
quality of the healthcare system and wellbeing of the 
inhabitants of the country, as well as increasing the pool of 
potential organ transplants available.

A training platform called “National Reference Training 
Center for Extracorporeal Therapy” will be introduced 
and a multidisciplinary team will serve as the faculty. The 
high-quality simulation training is intended to be taught 
nationwide. Our ambition is to become a reference ECMO 
training center in Poland.

Conclusions

Implementation of this ECMO high-fidelity simulator 
intends to improve patient care. In absence of alternate 
adequate teaching programs, success of this unique training 
program mostly depends on creating adequate and realistic 
clinical scenarios and adequate education and training of all 
involved healthcare providers.

“ECMO of Greater Poland” is a newly introduced 
clinical program. High-fidelity simulation is an essential 
tool in educating and teaching all involved healthcare 
providers and finally improve patient’s outcome.

Limitations of our study

It is proved that medical simulation training ensures safety 
and responsibility in therapy, especially in critically ill 
patients. The only limitation of the high-fidelity medical 
simulation as a creation tool seems to be only imagination 
and equipment imperfection. Owing to the hard work of 
the engineers it enables to practice all possible methods of 
cannulation, both surgical and percutaneous, also under 
ultrasound guidance. However, we are aware as clinicians 
that appropriate positioning of the venous cannula, either 
single or double-lumen, in the right atrium requires use 
of transthoracic and transesophageal echocardiographic 
imaging. This is another key and extremely difficult 
challenge for our team which we will try to meet in more 
faithful reflection of the clinical reality.
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